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DESCRIPTION 

SIGNAL OUTPUT CIRCUIT AND POWER VOLTAGE MONITORING DEVICE 



TECHNICAL FIELD 
[0001] The present invention relates to a signal 

output circuit for outputting an output signal from an 
NPN type bipolar transistor, and a power supply voltage 
monitoring device for outputting a power supply voltage 
monitoring signal from the signal output circuit. 

BACKGROUND ART 
[0002] For a system that includes electronic 

circuits, a power supply voltage monitoring device (reset 
device) for outputting a power supply voltage monitoring 
signal (reset signal) for stopping the system operation 
when the power supply voltage is lower than a 
predetermined value, is widely used to prevent 
malfunctions due to the power supply voltage which is the 
applied voltage (e.g. Patent Document 1). 

[0003] Fig. 2 is a conventional power supply voltage 

monitoring device. This power supply voltage monitoring 
device 101 comprises a signal output circuit 102 for 
outputting a power supply voltage monitoring signal, to 
indicate that the power supply voltage V cc being monitored 
is lower than a predetermined value, to the output 
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terminal OUT, resistive elements 23 and 24 connected in 
series for dividing the power supply voltage V cc , a 
reference voltage generation circuit 22 for generating 
the reference voltage V REF , a comparator 25 where voltage, 
at the mid-point of the resistive elements 23 and 24 
connected in series, is input to the non-inversion input 
terminal, the reference voltage V REF , generated by the 
reference voltage generation circuit 22, is input to the 
inversion input terminal, and these are compared and the 
comparison output thereof is generated as the input 
signal of the signal output circuit 102, a pull-down 
resistive element 26 which is connected to the output of 
the comparator 25 and has the other end grounded, and a 
constant voltage generation circuit 21 for supplying a 
predetermined constant voltage V c to the power supply 
terminals of the reference voltage generation circuit 22 
and the comparator 25. Another electronic circuit (not 
illustrated) for inputting the power supply voltage 
monitoring signal is connected to the outside of the 
output terminal OUT. 

[0004] The signal output circuit 102 further comprises 

an output transistor 110 of the NPN type bipolar 
transistor for outputting the power supply voltage 
monitoring signal to the output terminal OUT, a ground 
side output control transistor 111 of an N type MOS 
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transistor which turns ON and OFF according to the input 
signal, so that turning ON drops the potential of the 
base of the output transistor 110 to turn OFF the output 
transistor 110, and turning OFF raises the potential of 
the base of the output transistor 110 to turn ON the 
output transistor 110, and a base current supply 
resistive element 112 for supplying current from the 
input power supply (power supply voltage V cc ) to the base 
of the output transistor 110. Here the reason why the 
output transistor 110 is the NPN type bipolar transistor 
is because the voltage at the ground side to be input to 
another electronic circuit (not illustrated) connected to 
the output terminal OUT drops with certainty to a voltage 
close to the ground potential. 

[0005] The reference voltage V REF (e.g. 0.7V) of the 

power supply voltage monitoring device 101 requires high 
precision, so the reference voltage generation circuit 22 
is constructed using a band gap voltage source, for 
example. The constant voltage V c (e.g. 4V) is for stably 
operating the reference voltage generation circuit 22 and 
the comparator 25, and the constant voltage generation 
circuit 21 has a relatively simple configuration 
primarily of diodes connected in series, for example. 
The output of this constant voltage generation circuit 21 
becomes high impedance if the power supply voltage V cc to 

3 



be input is the constant voltage V c or less, and in this 
case the output of the comparator 25 also becomes high 
impedance and the input signal of the signal output 
circuit 102 is fixed to the ground potential level by the 
pull-down resistive element 26. In other words, until 
the reference voltage generation circuit 22 and the 
comparator 25 operate, the output transistor 110 becomes 
ON status with certainty, and the power supply voltage 
monitoring signal indicates that the power supply voltage 
V cc is lower than a predetermined value. And if the power 
supply voltage V cc to be input is higher than the constant 
voltage V c , the power supply voltage monitoring device 101 
operates as follows. 

[0006] If the divided power supply voltage V cc (voltage 

at the mid-point of the resistive elements 23 and 24 
connected in series) is lower than the reference voltage 
V REF , the comparator 25 outputs low level to the signal 
output circuit 102 as the comparison output, and by this 
the ground side output control transistor 111 turns OFF. 
As a result the output transistor 110 turns ON and the 
power supply voltage monitoring signal indicates that the 
power supply voltage V cc is lower than a predetermined 
value . 

[0007] The current Ii that flows through the base 

current supply resistive element 112 becomes the base 
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current of the output transistor 110, and the output 
current I 0 , which is the base current multiplied by the 
current amplification factor (h FE ) , flows to the output 
transistor 110. The output current Iq flows as the power 
supply voltage monitoring signal via the output terminal 
OUT, and the input voltage of another electronic circuit 
(not illustrated) drops to the ground side by the output 
current Io. Here the resistance value of the base current 
supply resistive element 112 is determined considering 
the value of the output current I 0 . For example, if the 
value of the output current Io to be required is 2 mA, and 
h FE is 200, then the base current of the output transistor 
110 requires 10 \1A . If the output transistor 110 turns 
ON when the power supply voltage V cc is 10V, then the 
resistance value of the base current supply resistive 
element 112 is about 1 M£2 . 

[0008] If the voltage of the divided power supply 

voltage V cc is higher than the reference voltage V REF , the 
comparator 25 outputs the high level to the signal output 
circuit 102 as the comparison output, and by this the 
ground side output control transistor 111 turns ON. As a 
result, the potential of the base of the output 
transistor 110 drops and the output transistor 110 turns 
OFF, and the power supply voltage monitoring signal 



5 



indicates that the power supply voltage V cc is higher than 
a predetermined value. 

[0009] At this time the current Ii that flows through 

the base current supply resistive element 112 all flows 
into the ground side output control transistor 111. This 
current Ii is about 10 |iA, for example, under the above 
mentioned conditions . 

[0010] Patent Document 1: Japanese Patent 

Application Laid-open No. Hll-220370 

DISCLOSURE OF THE INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 
[0011] In this way this power supply voltage 

monitoring device 101 monitors the power supply voltage 
V cc , and if the power supply voltage V cc is lower than a 
predetermined value, the output transistor 110 of the 
signal output circuit 102 turns ON, and if higher than a 
predetermined value, the output transistor 110 turns OFF. 
[0012] The current Ii that flows through the base 

current supply resistive element 112 is the current 
required when the output transistor 110 turns ON, but 
wastes current consumption when the output transistor 110 
turns OFF. And if the power supply voltage V cc rises, the 
current consumption further increases. For example, if 
the boundary of the power supply voltage V cc when the 
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output transistor 110 is turned ON or OFF is 10V under 
the above conditions, then the wasted current I lr which 
flows through the base current supply resistive element 
112, is 30 |iA if the power supply voltage V cc rises up to 
30V. 

[0013] With the foregoing in view, it is an object of 

the present invention to provide a signal output circuit 
which can decrease the current consumption while securing 
the base current required for the output transistor of 
the NPN bipolar transistor, and a power supply voltage 
monitoring device comprised thereof. 



MEANS FOR SOLVING THE PROBLEM 
[0014] To solve this problem, the signal output 

circuit according to a preferred embodiment of the 
present invention comprises an output transistor of an 
NPN type bipolar transistor for outputting an output 
signal, a ground side output control transistor that 
turns ON and OFF according to an input signal so that 
turning ON drops the potential of the base of the output 
transistor to turn OFF the output transistor, and turning 
OFF raises the potential of the base of the output 
transistor to turn ON the output transistor, a base 
current supply resistive element for supplying current 
from an input power supply to the base of the output 
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transistor,, a power supply side output control transistor 
that is inserted between the base current supply 
resistive element and the base of the output transistor, 
and turns ON and OFF in opposite ways as the ground side 
output control transistor according to the input signal, 
a ground side current bypass transistor, that turns ON 
and OFF in the same way as the ground side output control 
transistor according to the input signal so that turning 
ON allows the current of the base current supply 
resistive element to flow, and turning OFF stops the 
current of the base current supply resistive element to 
flow, and a current limitation resistive element that is 
inserted between the ground side current bypass 
transistor and the base current supply resistive element. 
[0015] It is preferable that this signal output 

circuit further comprises an inversion circuit to which 
voltage, between the ground side current bypass 
transistor and the current limitation resistive element, 
is input for inverting this voltage to control the power 
supply side output control transistor. 

[0016] It is also preferable that this signal output 

circuit further comprises a second current limitation 
resistive element to be connected to the output of the 
inversion circuit . 
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[0017] In this signal output circuit, it is preferable 

that the ground side output control transistor, the power 
supply side output control transistor and the ground side 
current bypass transistor are MOS transistors. 
[0018] In this signal output circuit, it is preferable 

that the base current supply resistive element, the 
current limitation resistive element and the second 
current limitation resistive element are resistors. 
[0019] The power supply voltage monitoring device 

according to a preferred embodiment of the present 
invention is a power supply voltage monitoring device 
comprising the above mentioned signal output circuit, 
further comprising resistive elements connected in series 
for dividing the power supply voltage, a reference 
voltage generation circuit for generating the reference 
voltage, and a comparator for comparing the voltage at a 
mid-point of the resistive elements connected in series 
and the reference voltage generated by the reference 
voltage generation circuit, so as to use the comparison 
output as an input signal, wherein the output signal of 
the signal output circuit is output as a power supply 
voltage monitoring signal. 



EFFECTS OF THE INVENTION 
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[0020] The signal output circuit according to a 

preferred embodiment of the present invention and the 
power supply voltage monitoring device comprised thereof 
allows the current to flow from the base current supply 
resistive element to the ground side current bypass 
transistor via the current limitation resistive element 
when the output transistor of the signal output circuit 
is OFF, so current consumption can be decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] [Fig. 1] Fig. 1 is a circuit diagram depicting a 
signal output circuit according to the present embodiment 
and a power supply voltage monitoring device comprised 
thereof; and 

[Fig. 2] Fig. 2 is a circuit diagram depicting a 
conventional signal output circuit and a power supply 
voltage monitoring device comprised thereof. 

EXPLANATION OF REFERENCE NUMERALS 
[0022] 1 power supply voltage monitoring device 

2 signal output circuit 

10 output transistor 

11 ground side output control transistor 

12 base current supply resistive element 
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13 power supply side output control 

transistor 

14 ground side current bypass transistor 

15 current limitation resistive element 

16, 17 transistors constituting the inversion 

circuit 

18 second current limitation resistive 

element 

22 reference voltage generation circuit 

23, 24 resistive elements connected in series 
for dividing power supply voltage Vcc to be input 

25 comparator 



BEST MODE FOR CARRYING OUT THE INVENTION 
[0023] Preferred embodiments of the present invention 

will now be described with reference to the drawings. 
Fig. 1 is a circuit diagram depicting the signal output 
circuit according to the present embodiment and the power 
supply voltage monitoring device comprised thereof. This 
power supply voltage monitoring device 1 has a different 
signal output circuit from that of the conventional power 
supply voltage monitoring device 101, and the rest of the 
composing elements are essentially the same as the power 
supply voltage monitoring device 101. In other words, 
the power supply voltage monitoring device 1 comprises a 
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signal output circuit 2 which outputs the power supply 
voltage monitoring signal to indicate that the power 
supply voltage V cc to be monitored is lower than a 
predetermined value to an output terminal OUT, resistive 
elements 23 and 24 connected in series for dividing the 
power supply voltage V cc , a reference voltage generation 
circuit 22 for generating reference voltage V REF , a 
comparator 25 where the voltage at a mid-point of the 
resistive elements 23 and 24 connected in series is input 
to the non-inversion input terminal, and the reference 
voltage V REF generated by the reference voltage generation 
circuit 22 is input to the inversion input terminal, and 
these voltages are compared and the comparison output is 
used as the input signal of the signal output circuit 2, 
a pull-down resistive element 26 which is connected to 
the output of the comparator 25 at one end and is 
grounded at the other end, and a constant voltage 
generation circuit 21 for supplying a predetermined 
constant voltage Vc to the power supply terminals of the 
reference voltage generation circuit 22 and the 
comparator 25. Another electronic circuit (not 
illustrated) for inputting the power supply voltage 
monitoring signal is connected to the outside of the 
output terminal OUT. 
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[0024] The signal output circuit 2 is comprised of an 

output transistor 10 which is an NPN type bipolar 
transistor for outputting the power supply voltage 
monitoring signal, which is an output signal of the 
signal output circuit 2, to the output terminal OUT, a 
ground side output control transistor 11, which is an N 
type MOS transistor, that turns ON and OFF according to 
the input signal so that turning ON drops the potential 
of the base of the output transistor 10 to turn OFF the 
output transistor 10, and turning OFF raises the 
potential of the base of the output transistor 10 to turn 
ON the output transistor 10, a base current supply 
resistive element 12 which is a resistor for supplying 
current from the input power supply (power supply voltage 
V cc ) to the base of the output transistor 10, a power 
supply side output control transistor 13, which is a P 
type MOS transistor, that is inserted between the base 
current supply resistive element 12 and the base of the 
output transistor 10 and turns ON and OFF in opposite 
ways as the ground side output control transistor 11 
according to the input signal, a ground side current 
bypass transistor 14 which is an N type MOS transistor, 
that turns ON and OFF in the same way as the ground side 
output control transistor 11 according to the input 
signal so that turning ON allows current of the base 
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current supply resistive element 12 to flow, and turning 
OFF stops current of the base current supply resistive 
element 12 to flow, and a current limitation resistive 
element 15, which is a resistor inserted between the 
ground side current bypass transistor 14 and the base 
current supply resistive element 12. Also the signal 
output circuit 2 further comprises a P type MOS 
transistor 16 and an N type MOS transistor 17 connected 
in series from the connection point between the base 
current supply resistive element 12 and the current 
limitation resistive element 15 to the ground potential 
as an inversion circuit to which voltage, between the 
ground side current bypass transistor 14 and the current 
limitation resistive element 15, is input for controlling 
the power supply side output control transistor 13 by 
inverting this voltage. The signal output circuit 2 
further comprises a second current limitation resistive 
element 18, which is a resistor, to be connected to the 
output of the inversion circuit, that is the connection 
point of the P type MOS transistor 16 and the N type MOS 
transistor 17. 

[0025] If the divided voltage of the power supply 

voltage V cc (voltage at the mid-point of the resistive 
elements 23 and 24 connected in series) is lower than the 
reference voltage V REF , the comparator 25 outputs low 
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level to the signal output circuit 2 as the comparison 
output, and by this the ground side output control 
transistor 11 turns OFF. At the same time the ground 
side current bypass transistor 14 also turns OFF, the 
voltage between the ground side current bypass transistor 
14 and the current limitation resistive element 15 rises, 
and the N type MOS transistor 17 turns ON. On the other 
hand, current does not flow through the current 
limitation resistive element 15, and voltage is not 
generated at both ends thereof, so the P type MOS 
transistor 16 turns OFF. Therefore the voltage at the 
connection point of the P type MOS transistor 16 and the 
N type MOS transistor 17 becomes low level, and the power 
supply side output control transistor 13 turns ON. So 
the current Ii that flows through the base current supply 
resistive element 12 all becomes the base current of the 
output transistor 10. Here if the resistance value of 
the base current supply resistive element 12 is Ri, then 
the current Ii is about the current value Vcc/Ri. As a 
result the output current I 0 , that is the base current 
multiplied by the current amplification factor (h FE ) , 
flows into the output transistor 10. The output current 
I 0 flows through the output terminal OUT as the power 
supply voltage monitoring signal, and by the output 
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current Io, the input voltage of another electronic 
circuit (not illustrated) drops to the ground side. 
[0026] If the voltage of the divided power supply 

voltage V cc is higher than the reference voltage V REF , the 
comparator 25 outputs high level to the signal output 
circuit 2 as the comparison output, and by this the 
ground side output control transistor 11 turns ON. At 
the same time, the ground side current bypass transistor 
14 also turns ON, and the voltage between the ground side 
current bypass transistor 14 and the current limitation 
resistive element 15 becomes ground potential level, and 
the N type MOS transistor 17 turns OFF. On the other 
hand, current flows through the current limitation 
resistive element 15, and the P type MOS transistor 16 
turns ON. Therefore the voltage at the connection point 
between the P type MOS transistor 16 and the N type MOS 
transistor 17 become high level, and the power supply 
side output control transistor 13 turns OFF, and current 
flows through the second current limitation resistive 
element 18. In this way, the ground side output control 
transistor 11 drops the potential of the base of the 
output transistor 10, turns OFF the output transistor 10, 
and stops the output current I 0 as the power supply 
voltage monitoring signal, whereas the current Ii that 
flow through the base current supply resistive element 12 
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is divided into the current I2 that flows through the 
current limitation resistive element 15 and the current I3 
that flows through the second current limitation 
resistive element 18. Here if the resistance value of 
the base current supply resistive element 12 is Ri, the 
resistance value of the current limitation resistive 
element 15 is R2 and the resistance value of the second 
current limitation resistive element 18 is R3, then the 
current Ii becomes roughly a current value of V cc / (Ri + 
(R 2 R 3 ) / (R 2 + R 3 ) ) • 

[0027] The resistance value Ri of the base current 

supply resistive element 12 is determined by considering 
the value of the output current I 0 when the output 
transistor 10 is ON. The resistive values R2 and R3 of 
the current limitation resistive element 15 and the 
second current limitation resistive element 18, on the 
other hand, are determined considering the withstand 
voltage of the element of the power supply side output 
control transistor 13 and the P type MOS transistor 16. 
In other words, the withstand voltage of a normal MOS 
transistor is about 10V to 15V, so if the power supply 
voltage V cc is higher than this, the current flows to the 
base current supply resistive element 12 to drop the 
voltage so that the voltage to be applied to the 
transistor elements (power supply side output control 
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transistor 13 and P type MOS transistor 16) becomes the 
withstand voltage or less. Specifically if the withstand 
voltage of the transistor element is 15V and the power 
supply voltage V cc to be input rises to 30V, the 
resistance values R2 and R3 are both the double of the 
resistance value R lr then the voltage that is applied to 
the element when the output transistor 10 is OFF can be 
maintained at 15V. 

[0028] Therefore if the resistance value of the base 

current supply resistive element 12 is set to 1 M£2, and 
the resistance values R2 and R3 of the current limitation 
resistive element 15 and the second current limitation 
resistive element 18 are set to 2 M.Q., then the current Ii 
that flows through the base current supply resistive 
element 12 is 15 \1A when the power supply voltage V cc is 
30V and the output transistor 10 is OFF. In this way 
unnecessary current Ii that flows through the base current 
supply resistive element 12, when the output transistor 
10 is OFF, can be decreased, and the current consumption 
of the entire signal output circuit 2 and the power 
supply voltage monitoring device 1 can be decreased. 
[0029] It is preferable that the second current 

limitation resistive element 18 is added to prevent the 
control of the power supply side output control 
transistor 13 from becoming unstable at startup when the 
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power supply voltage V cc is supplied,, but can be omitted. 
In this case, the resistance value R 2 of the current 
limitation resistive element 15 must be decreased 
considering the withstand voltage of the transistor 
element (e.g. decreased to 1 MQ) . 

[0030] If the high level voltage of the input signal 

of the signal output circuit 2 (that is the constant 
voltage V c to be supplied by the constant voltage 
generation circuit 21) is a voltage which is sufficient 
to turn OFF the power supply side output control 
transistor 13 when the output transistor 10 is OFF, then 
the input signal of the signal output circuit 2 may be 
directly input to the power supply side output control 
transistor 13. In this case the resistance value R2 of 
the current limitation resistive element 15 must be 
further decreased, and unnecessary current Ii that flows 
through the base current supply resistive element 12 when 
the output transistor 10 is OFF increases somewhat, but 
the inversion circuit, which is comprised of the P type 
MOS transistor 16 and the N type MOS transistor 17, and 
the second current limitation resistive element 18, are 
unnecessary . 

[0031] The signal output circuit 2 according to the 

present embodiment is designed for the power supply 
voltage monitoring device 1, but may be applied to the 
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case when the power supply voltage V cc of the output stage 
is relatively high and the NPN type bipolar transistor is 
used for output, such as the case of the signal output of 
a motor drive device. 

[0032] The present invention is not limited to the 

above mentioned embodiments, but the design thereof can 
be modified in various ways within the scope stated in 
the Claims. 
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